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CIRCULAR 90 DEGREE INPLANE BEND 
K/r = 3.2, Turbulent Flow, Rey = 40,000 
Streomwise Velocity 

Experiment r— x 

Analysis ( PNS Solution ) L t 

Mesh = 50 x 50 x 86 ' A 

— Mesh = 25x25x86 \ . C 
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Surface Shear Stress 


CIRCULAR 90 DEGREE INPLANE BEND ; 
R/r = 3.2, Turbulent Flow, Rey = 40,000 
. Secondary Velocity 
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Near Surface Velocity Vectors 



CIRCULAR 90 DEGREE INPLANE BEND 
R/r = 3.2, Laminar Fiow, Rey = 790 
Streamwise Velocity • 

Experiment \ 

Analysis ( PNS Solution ) ' A 
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CIRCULAR 90 DEGREE INPLANE BEND 
R/r = 3.2, Laminar Flow, Rey = 790 
Secondary Velocity , 


TO 


V'un** 


m 







<5 O 

JHC Oi Nv* 

o® o W C W Vi 3 

HVHCMH H VV 

h-» c W rs ov .c o u 

JC MM V E 3 

M 6 0 tt O HS-» O M 

* ^3 MO *X 0 V 
CMHO0C MO' ,M 
H 0XH4Z OH 0s 

£ S*^*' v rex 3 
re x 0 v u p-h ai o 
•H 41 01 NCr 0 0.343H 
^ MMO MV E OHH4 

10 0 OrH V* 

o ov'tj'o e re o re oh-i 

C 0 UI/IO 

dvwommh S 

V 0 H O 0 0 o X V» fH 
CW3 O.Q C^Jh c OrH 
0 41 W o < (9 a 

S in *4 %*h * a; hv 

0H CK>^|rtUT)Hft) 

MJCO0O0&, O 0-rj 

3Hj: >CSJ V 0 0 M 3 
M 3 41 

J 4 U 0*0 C M M C 
0 .m-OMHE O 0 O H 
B NO OOD) 0*+4*H 
. +J . 0 UC E 

>'H Xm m H * V 0 
0<£ 0 o 0 jr 
►J O H (HA O V££ V 
rHiH ME M 3 V V 
X 0 H 0 3 • 0 O) 0 
0>JQ VDAEHCin^ 

H flft *> *M O 0 0 
*H N M if) X (UVH 

• * S**3 M W 3 0 3 
WjC 0»H M 0HV Vi E 
JfCV O03JZOV-H 
*CJ 0 C C 3 M V43 M M 


NON O C 

•Ofi^HfliV^CCO C 
0 m H V« 0 H o £ re* 
C O Vi re M 0 O* 

•H*H 0 Vi 0 6 <VJ C HX 
0 H >0 3 <M 3 M M 

v c c v c o re 0 0*< 

43 3*0 0 0 *Oj: 0 . M > 
O COl CCME 3 .H 
43 0 *300 O 01 o 

0 V 000 MOHlflr 
> H 0 JZ HQ 0 V vf* v 
0 3 V VH CfH< 

JC 0 0003 U 1 x I 

M 3 WjCiH M HCV i 

«'OHUJ5haci • x: 

* C re H O V 0 V M -« 

*■ 0 >x 0 £ h i 

jQ 0 0 0 . w 0 -H C 31 
v V >, V. JC V H 0 

*H 0 o ao V 0 V iH < 
0 C V 3 H > = 5 X I 

os re N OMvtfiu 00 : 
^H^HMOCOUfJCI 
o.k» 0 vh re v c v i 

Otcm > (O 0 v «f 40 < 

C H HX > VX O M * fc 

o • V 0 0 0 £ 

Oo*H 0 «H >.m M M V» V 
«0 0 V 0 VmH 3 0 0*0 t 
x-*«h v 0 re V x C 
C w V C VjC M 3 M r 
mu c 0 c re cvh c 
000E003 HO0C 

‘HC3H JZ fi «HH<- 
V 3 3 D*MX V * 0.V 4 

OOO 0 C IftN H3 

jQviHoarecv^vica 

•H H VX H C 3 HX 
re ON MM H Jtf O 
hi 43 Vi 3 M 0 0 V"OI 
C 0 H V 0 , O C C M 
‘ HO > 'tJC V 0 0 n 
•H 0 *HM«H 4 = O 3 
0 VMOVMOMC C 
3 C 3 M O 0.0 O 0 OX 
0 0 3 *H 6 H ?0 H 0 

M E M 3 X 0 o v.ivv 

cncure o cmoie jr 4 i; 

< O 3 nHX OXoH E n H 


•H SH0HOO3QV*O 
00 > V *r» * U O U 0 

> VO V* o IftH V* M W 
0 0X3 O'* so 0 V 0 M 
X'OCLOMOmOMXO 


an 

LlJCsI 

CD T 


CO 

CD 

CD 


CL0^^~ 

^ oo 


n ^ ^ x 

UJ °£ o 

cl — uo 

L I * w 

Q E d* S 

S q o 40 


- =5 
QC O q 






* 

i 



e* c 
C o 

01 o * 

10 *H OTJ 

2 « . Qi 

-c m to 

H^XN(5 
« 4-* «Q 

PC-H - 

c o u© * 

2 O *<M 
§ CHo** 
•H 3 01 in N 
uo> 

01-C *»p 

OtW«Ho O 

01 in p 

•Ph 01 

J c c H Xi 

£041(36 
♦' H CP = 

+? O Of c 
&H0 Q«jC 
G P EH W 
•H 3 O *0 . 

2 0*04*HK> 
3H I oO« 

* > 

* 5 w >, 
j o^o cold) 
> u Qi OK re 
•H Vi H 3 

op ov re 

to o to re p 

_ 3 (B P P Qj 

3*0 qj to re > 
o e jq 

HN IPTJ E 
m II 01 01 01 3 
>EC 

» \ P V Vi 

3* DOC 
o *o tom re 

O 01 C Vi Q 

W£ rep aj'u 
•HP re a 
> to oi 

P Vi 01 <D -C 
W O OT3 ViH 
xh*p re 01 
o- o E 3 
-n Oi 

to*> > re to x 

•H ^ P C P 

3 XOiCH 
V'V 3 H o 
►J'P-H p O 

ai y w n,rH 
0i« o CrH 01 

O 3 > 
P^OIWI) 

•as U m M 

re o >*re o p 
po pa c 
re re e re re 

3*0*0 o v> 

H C CO 41*0 
re re o jcc 
> u H re 
•i * Qi • 
A PVIW P 

0 O 01 • 
10 . 0*0 c to to 

HH Ol-rH oi 3 
CO «P«H Oirl 
H 3 PTJ 

^ aoi ore 
« * E O Oi P 
»TIH O C*D 

re o Oi c 
•3 POO 
•M re Oi Oi * h 

01 pj=*pmp 
« t7>P OIK) o 

w < pH Oi 

Oi to 
Oi*P P'0'0 

c o re oi c to 
3 p re to ( 

O WWP o ^ 
HP Oi O •* P §• 
*H P t 3 o u 
3 3 

10 Oi rem re 

cinr o£ 

P P P H P 


CQ 10 01 4^ 

-C 

re dip c 

- c u 
£'HW 4 ) 
PjC 3 P 
•H U C P 
3 pjc re 
re to a 
Oi e 

TJ NrP 

re ai *H re 

E to P O 

•h ro -H 
Oi 3 Oi to 
p E*-H to 

oi re o re 

3.01 rH 

P to O 

tOP Oi 
c io p re 

O 3 

P«OHH 
re H r* 

V *a 
3*0 44 C 

ac o re 
6 re 

o to P 

0 * re c 

^ H Oi 

01 Np B 

.c p oi a 
HP to O 

0) rH 

E to Oi 
EH > 
vr oi 
10 H*0 


Q '' 

IZ: c\i 

cacsi 


LU I 1 


orr^- 

< 00 



Experiment 


CIRCULAR 180 DEGREE INPLANE BEND 
R/r = 7, Laminar Flow, Rey = 242 
PNS Solution, Secondary Flow 
Theta = 50.0 degrees 
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CIRCULAR 180 DEGREE INPLANE BEND 
R/r = 7, Laminar Flow, Rey = 242 
PNS Solution, Secondary Flow 
Theta - 75.0 degrees 
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CIRCULAR 180 DEGREE INPLANE BEND 
*/' = 7 Lom, nor Flow, Rey = 242 
PNb Solution, Secondary Flow 
Theta - 105.0 degrees 
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CIRCULAR 180 DEGREE INPLANE BEND 

K/ dn7c V K mina 7 Flow - Re Y = 242 
HNS Solution, Secondary Flow 

Theta = 135.0 degrees 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


CIRCULAR 22.5 7 22.5 DEGREE INPLANE S-BEND 
Laminar Flow, Rey = 790 
• Streamwise Velocity 


Experiment 

Analysis ( PNS Solution ) 

Mesh = 40 x 40 x 80 

* — Mesh = 20 x 20 x 80- 


CIRCULAR 22.5 - 22.5 DEGREE INPLANE S-BEND 
Laminar Flow, Rey 7 790 
Secondary Velocity 
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CIRCULAR 22.5 - 22.5 DEGREE INPLANE S-BEND 
Turbulent Flow, Rev = -48,000 
- Streamwise Velocity 


Experiment 

Analysis ( PNS Solution ) 

Mesh = 50x50x80 

— Mesh = 25 x 25 x 80 







CIRCULAR 22 5 - 22.5 DEGREE INPLANE S-BEND 
Turbulent Flow, Rey = 48,000 
Secondary Velocity • 
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UNIVERSITY OF TENNESSEE INLET DUCT 
Circular 30-30 degree Inplane S-Bend 
Total Pressure Contours 
Aexit/Ainlet = 1.0 



Experiment Analysis 
Tneta = 45.0 degrees 



Experiment Analysis 
Tneta = 60. C degrees 
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Offset/Length = 0.30, M = 0.608, Re = 5.61 x 10 



* x x 
# ~ * 


* * " * * * 


* * * * 


* * * #1 


Analysis (No Hub) 


Experiment 


RAE2129 AIRCRAFT INTAKE DUCT 

one * /, Com P u res sor Face Total Pressure 
Offset/Length = 0.30, M = 0.4 1 2, Re = 4 1 3 x 1 0 6 



* * x 

* * * 


* * . * 


* X * * 


* # * # 


W m W * * 

,#* * * * * 


*/ * x * 


Analysis ( No Hub) 


Experiment 


/ 


RAE2 1 29 AIRCRAFT INTAKE DUCT 
n« , /.Compressor Foce Total Pressure 
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nff , Compressor Face Total Pressure , 
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Compressor Face Total Pressure 
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Compressor Face Total Pressure ( 
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Straight Centerline Baseline Duct 
Inplane Offset Diffuser Duct 
Out-of-Plane Offset Diffuser Duct 


1-20 COMPUTATIONAL STUDY INLET 
Geometry Definition, Downstream View 
In-Plane Offset, Offset/Length = 0.2 
Aexit/Ainlet = 1.42 
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Geometry Definition, Downstream View 
Straight Centerline Inlet Duct 
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Conditions 

Analysis 

Meosurments 


Title 

Objective 

Thrusts 


Approach 


CFD VALIDATION EXPERIMENT 

A Circular Arc (R/r = 5.6 ) Round Diffuser of Area Ratio 
1.5 will be Arranged in the Form of two Connecting 
90.0 Degree Bends so os to Allow a 180 degree Inplane, 
90-90 out-of-plane, and 90-90 Inplane Diffusing Duct 

For Each Duct, Three Sets of Separated Flow Data will 
be Obtained; for Laminar Flow at Nominal Reynolds 
Number of 500 and 1095, and Turbulent Flow at a 
Reynolds Number of 45,000 

A Pre-Test Analysis will be Performed to Establish the 
Flow Separation Topologies and how they are Effected by 
Reynolds Number, boundary Layer Thickness, and Swirl 

Experiments will be Carried out with Combinations of 
Laser-Velocimetry, Hot Wire Anenometry, Pressure Tubes, 
and Flow Visualization. Survey Planes will be Established 
from Analysis of the Computational Results 


CFD VALIDATION EXPERIMENT 

Confined Separation in Curved Diffusing Ducts 

Establish a Detailed Experimental Data Base for 
Evaluation of Navier Stokes Codes for Confined 
Separated Flows in Curved Diffusing Ducts 

Extension and Validation of Lewis PNS Solver into 
Separated Flow Regime using Flare Approximations 

Evaluation and Extension of State— of —the— Art 
Tu-Models for Confined, Separated, Swirling Flows 

Evaluation and Validation of Lewis Time Marchinq 
NS Solver ( PROTEUS ) into Separated Flow Regime 

A Joint Analysis/Experimental Program will be 
Initiated in which the Experimental Meosurments will 
be Performed at a University, and the Analysis 
at Lewis Research Center 



CONFINED SEPARATION IN CURVED DIFFUSING DUCTS 

CFD Validation Cases 


Reynolds I n 
Ku Flow 


500.0 


Laminar 


1093.0 Laminar 



43,000 Turbulent 0.2 


AF Attached Flow CS - Confined Separation SF - Separated Flow 


CFD VALIDATION DIFFUSING DUCTS 
180 Degree Inplane Geometry 
Configuration No. 1 
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CFD VALIDATION DIFFUSING DUCTS 
90/90 Out— of— Plane Geometry 
Configuration No. 2 




CFD VALIDATION DIFFUSING DUCTS 
90/90 Degree Inplane Geometry 
Configuration No. 3 
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